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(54) Title: IMPROVED RETROVIRAL VECTORS, ESPECIALLY SUITABLE FOR GENE THERAPY 
(57) Abstract 

The present invention relates to the field of molecular biology, especially 
recombinant DNA technology, especially concerning retroviral vectors. Retroviral 
vectors are very suitable vehicles for transferring genetic material of interest into 
certain cells in so-called gene therapy strategies. However, the retroviral vectors 
described so far are not ideal. They may give rise to recombination events resulting 
in helper (pathogenic) virus, they may express viral proteinaceous materials leading 
to immune responses, etc. These and other drawbacks are overcome by the vectors, 
cells, kits and methods of the present invention by providing a vector derived from 
a retrovirus, comprising a sequence responsible for transcriptional control, including 
an enhancer, which vector further comprises a site for insertion of at least one gene 
of interest, a packaging signal, said vector having no superfluous retroviral sequences 
and no open reading frame encoding at least parts of viral proteins, characterized 
in that the enhancer is an enhancer that is active in undifferentiated cells. 
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Title: Improved retroviral vectors, especially suitable for • 
gene therapy. 

• The invention relates to improved retroviral vectors 
which are especially useful for methods of gene therapy. The 
invention further relates to such vectors in combination with 
suitable packaging cell lines, as well as virus -like particles 

* 

5 which can be produced using said combination and methods of 
providing cells with genetic information of interest using 
said virus -like particles. 

Retrovirus -based vectors are highly favoured tools to 
achieve stable integrated gene transfer of foreign genes in 
10 mammalian cells. Especially in the area of gene therapy their 
use has attracted considerable attention. Retrovirus -based 
vectors have been used in both ex vivo and in vivo gene 
transfer procedures and were shown to be capable of yielding 
long-term expression of foreign genes in culture and in vivo 
15 in animal studies as well as in man. 

Retroviral vector systems for (safe) gene therapy 
purposes comprise two building blocks: 

tte recomb inant, retroviral vector that carries the genetic 
information which is to be transduced plus all of the elements 

20 required in cis for the packaging and integration of the viral 
genome, and; retroviral packaging cells that provide the viral 
proteins encoded by the genes gag, pol and env. These 
polypeptides are required in trans for the production of 
viable virus particles but by themselves, the packaging cells 

25 are incapable of releasing infectious virus. Packaging cells 
transduced with the recombinant vector will therefore generate 
recombinant retroviruses carrying the genetic information 
contained in the aforementioned vector. These- viruses can 
subsequently be used to transduce cells in which the 

30 recombinant material will be integrated following the natural 
retrovirus life cycle. The current invention in one aspect 
relates to recombinant vectors with improved characteristics 
as compared to the previously described vectors. 
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. _ . „ of recombinant virus with 
a favoured design of tne recuuw 

^ « it;— 

which is based on a non- pathogenic retrovirus. v 

.vuxio at .1.. "'^"""inr 

Ration ■ » these = - - 'r v* L long 

terminal repeat (LTR) . In the * ^differentiated 
enhancer is replaced by an enhancer «t ve „ ^ ^ 

HTon .differentiated- -Uj. -J-^ 

muM tio„ s in »-« rr^ni;:: 0,™ — 

promoters in primitive cexxs. ~* r . anl , red for 

/Mn -Miv\ in which the enhancer is replaced tor 
leukemia virus (No MW) ^ whic since replicati0 n 

by the PyFlOl e"^^ AMo + PyF101-LTH can cause 
competent viruses harbouring tne ^ * 

„ire»ia in newborn «i« HiihO* ""^"are'Iuperlor to the 
properties of AMo+PyFlOl-carryin, vectors are 
LJLly nsed vectors based on viral backbones of disease 
vlmses soch as HoXonsy ^^.^ 
myeloproliferative sarcoma virus or Harvey mur 

. — 1 — has es led 

to the conclusion that they are capable of introducing genes 
nto priS haemopoietic stem cells of mice non -human 
"Imates ana man. Following transplantation of such modified 
prxmates and ma ion of the transduced gene was 

stem cells sustained expression o the ^ senc& 

observed in all haemopoietic lineages anal/zed in 

* ^nsfer-related toxicity (Einerhand et al., 
of any gene transfer relat 1JM and 199 5). 

i iQQi- Van Beusechem et al., *.w.« mr 

Besed oTth.se results the world first clinical gene therapy 

5 vector carrying a correct version or the human 
deaminase gene (Hoogerbrugge et al.. 1995)- 

Despite the many favourable characteristics of the 
previously described vector, several limitations of the 
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original design will still limit its general usefulness as a 

gene therapy product. 

Identification of these shortcomings as well as remedies 
for these shortcomings are one aspect of the present 
5 invention. These shortcomings of the recombinant vectors are: 

1) The presence of superfluous retroviral sequences which do 
not contribute to the efficient packaging of the recombinant 
virus, which limit the space available for genes to be 

10 transduced and which increase the risk of recombination events 
during the generation of producer cells possibly leading to 
the production of helper virus. 

2) The presence of a gagr open reading frame which may result 
in the translation. of truncated viral proteins that would 

15 cause unwanted immune responses and will probably increase the 
potential of helper-virus formation in packaging cells 
carrying homologous gag sequences . 

3) The presence of superfluous non- coding sequences of the 
gene(s) of interest, limiting space and possibly negatively 

20 affecting gene expression and/ or messenger 

4) Expression in vitro and in vivo is still influenced by 
the integration site (e.g. Einerhand et al., 1993) and 

* therefore variable. The inclusion of elements that could 
control site independent expression such as specific boundary 
25 elements (Chung et al., 1993) and Locus Control Regions 

(Grosveld et al., 1987; Greaves et al., 1989/WO 9101329) have 
been suggested, but were shown to be the cause of 

* - * 

rearrangements (e.g. Novak et al., 1990). 

5) Sequences contained within the viral construct can 
30 function as unwanted cryptic splice sites, resulting in 

packaging and expression of aberrant RNA molecules, (e.g. 
Mclvor et al., 1987; Sorrentino et al., 1993). 

6) Given that in the preferred configuration of the vector 
the gene of interest is under transcriptional control of the 

35 viral LTR, the expression of more than one gene can only be 
achieved through bicistronic messengers or in the form of 
fusion proteins. Currently used intercistronic sequences are 
derived from viruses (Pelletier and Sonenberg, 1988; Jang et 
al., 1988), they are in general large and contain extensive 
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secondary structures which render them less favourable than 
the synthetic intercistrons according to the present 
invention . 

The problems as mentioned under nos. 1 and 2 have been 
5 solved in the prior art, in vectors designated as the LN 

series (Miller and Rosman, 1989), but despite the large body . 
of work on retroviral vectors that has been published since 
the availability of the LN-based vectors, to our knowledge, 
they were never combined with constructs in combination with 
10 AMo+PyFlOl or other enhancer- replaced LTRs. 

The current invention discloses a basic vector and 
derivatives thereof that will result in improvements as 
related to the shortcomings stated above. 

Thus, the current invention provides, in one aspect, a 
15 vector derived from a retrovirus, comprising a sequence 
responsible for transcriptional control, including an 
enhancer, which vector further comprises a site for insertion 
of at least one gene of interest, a packaging signal, said 
vector having no superfluous retroviral sequences and no open 
20 reading frame encoding at least parts of viral proteins, 
characterized in that the enhancer is an enhancer that is 
active in undifferentiated cells. 

The vectors according to the invention have all the 
• benefits of the so-called LN vectors as earlier mentioned, but 
25 they have the additional advantage that they can be used to 

functionally transfer material into undifferentiated cells and 
retaining said function throughout the differentiation and other 
processes. Preferably the modified LTR comprising the invented 
enhancer will not be able to give rise to significantly 
30 pathogenic viruses. The AMo+PyFlOl enhancer is a good example of 
such an enhancer and is a preferred embodiment of the present 
invention. Based on the disclosure of the present invention 
however, the skilled worker will be able to design other 
similarly suitable enhancers. In designing vectors according to 
35 the invention, the skilled worker will be able to modify the 
concept of the invention in order to suit his needs. Therefore 
it will be clear that the definitions of the present application 
should be interpreted in a broad sense. For instance a gene will 
read upon any DNA-like material to be 'transduced into a cell. 
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Thus non-coding DNA or cDNA are within that definition. Similar 
defintions shoud be given a similar scope. The skilled worker . 
will now also be able to work around the problems or 
shortcomings as identified above, because once identified 
5 according to the invention, in most cases the solution presents 
itself. For instance, now that a problem has been identified in 
that a viral sequence may contain a cryptic splice site, the 
skilled worker can examine the viral sequence for such a site 
and delete or mutate it. The same is of course true for 
10 untranslated parts of the gene of interest. The skilled worker 
may now identify such untranslated superfluous sequences and 
remove them from the gene of interest. 

The advantages to be gained by providing a short stretch of 
intercistronic linker- basepairs, which has a number of bases 
15 dividable by three is clear to the skilled worker. 

The other characteristics of the vectors according to the 
invention as defined in the claims and the specification by 
themselves or in combination lead to clear advantages over the 
prior art. Insofar as they have not been clearly defined herein, 
20 they are clear to the skilled workers in the field. 

Of course the ultimate goal of the vectors according to the 
invention lies in providing a safe and viable system of 
providing certain subsets of cells with additional genetic 
material, especially in the context of gene therapy. 
25 For efficient transfer of the vectors according to the 

invention it is usually necessary that they be presented in a 
virus -like infectious particle. For providing such a particle it 
is of course necessary that a packaging signal is present on the 
vectors. Such a packaging signal may be any functional one, i.e. 
30 one that works with the packaging material. The packaging 
material will usually be provided by a cell into which the 
vector is transferred. Said packaging material will of course 
have to be functional in packaging the vectors according to the 
invention. The most logical and most preferred combination is 
35 that of the retroviral packaging signal together, with a cell 
that constitutively produces the retroviral proteins necessary 
for packaging, a so-called packaging cell line. The many 
possible combinations of the two (kit of parts) are of course 
part of the present invention. 
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MU) th. positive — and - -^L^HL 
ther apy can be reaped using th. ; ^e „ £ gene 

invention. For the present application the P ^ 
^erapy is intend to read upon any ^ o( siid 

cells that can he treated by providing tt " such as 

cells -ith a gen, capable* = '»£ ^ ,1 encoding 
fcr instance providing hematopoietic cell „ f 
« ..,.„,- VIII for correcting haemophilia. The negau 
r th" y for this application Includes - ~ J 

removal o £ any subset or ""^^n^r of cells 
ictroducin, genetic material into at least^ 
from th. subset. Examples are suicide genes 

D, rtinn nf win*- ^imnt t re rr=virai 

in one aspect the invention relates " Sever 
,ectors that share a number of basic c « ^™ ^ virus 
can be used to efficiently generate „. reun<l er a 

particles when transacted into pachagm, ceU. . ™ 
Inscription of th. basic embodiments preset m 
eccordin, to this - ' "e e „e d retroviral vectors that 

rt^r " - — — -* — - ° £ ttteir 

^^cribed retroviral vector, contain a^- ■ ^ 
creferably from Moloney murine sarcoma virus (M 
541; numbering according to van Beveren et^ al_.J. packaging 
eert of the pachagin, signal The ^ - ^ vi „ 3 
sign al is pr.f.rably eriv* lt~ Hoion ^ ^ ^ ^ ^ 
(MoMLV base 566 to 1038) witn t .uiller and Rosman. 

domain preferably mutated to a stop codon ^ point 
1989) . T he L TK and the -^.^Z"^ the recombinant 
stations together ensure eff proteins in the 
virus whithout any Production o v ^/^^ betW een 

-*et cells. "f^^rSTp^i^ constructs (MoMLV 
the MOMSV LTR and the 5 part v ^ ^ 

LTR) generally used in P*™^^ ^constructs and 
red uces the chance of ^^^Zr^a. K splice 
th us reduces the chance of helper virus f cofflbination 
donor site located downstream of the 5 LTR 
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with the splice acceptor site just upstream of the insertion 
site of the gene of interest lead to enhanced translation of the 
inserted gene in case splicing occurs. To further reduce chances 
of recombination of retroviral vectors with packaging 
5 constructs , the vectors contain no overlap with the 3 1 end of 
.the env constructs used in the above mentioned packaging cell 
lines. Such a construct is again a preferred embodiment. 

The resulting vector (shown in Figure 1) having all 
preferred features, contains a 5' and 3' LTR, a packaging signal 
10 extending into the gag coding region and a poly cloning site for 
the insertion of (a) gene(s) of interest and. thus meets the 

* * 

basic requirements a retroviral vector according to the 
invention should meet. 

In another preferred embodiment, the above basic retroviral 

15 vector is modified by deleting (parts of) the gag coding 
sequences without losing packaging function. Such a vector 
further reduces the probability of recombination events in the 
packaging cells that may lead to replication competent 
retroviruses. Thus this improves the general safety features of 

20 the retroviral vectors. 

This invention also discloses further modifications to this 
basic retroviral vector to allow more efficient transcription 
' and translation. First, a consensus Kozak sequence is introduced 
around the ATG of the gene of interest to improve translation of 

25 that gene. Second, the viral enhancer in the 3' LTR is replaced 
by a mutant form of the Polyoma virus enhancer that is 
specifically selected for activity in F9 embryonal carcinoma 
cells (Linney et al., 1984) and that is known to be less 
sensitive for promoter inactivation in haemopoietic stem cells 

30 and early haemopoietic progenitor cells compared to the wild 

type MoMLV enhancer (Valerio et al., 1989; Van Beusechem et al . , 
1990). Another advantage arising from the replacement of the 
wild type MoMLV enhancer for the polyoma enhancer is that the 
: resulting AMo+PyFlOl LTR renders murine leukemia viruses into 

35 non- pathogenic viruses (Davis et al.. 1985). Following one round 
of replication this alteration contained within the U3 region of 
the 3' LTR is also tranf erred to the 5' LTR and is thus present 
in both LTR's of the proviral sequence. 
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after infection of an amphotropic 
As a consequence, after ini contain less sequence 

packaging ceU line, the ^ ^ ^ 

homology with the packaging constructs 

wtMoLV enhancers. . mT ,^ nve expression in target 

5 Additional modifications to improve expr 

cells include: R) e<g . the CD2 LCR 

- incorporation of a Locus Control Region ^ ^ 

for high ^ ^JZZZl^ preferably as a second 
. - incorporation of a select election genes 

l0 gene in a gene, a gene 

include the neomycmer ge ne, *>e nyg Y ^ ^ & 
encoding a fluorescent protein or * &u allow for 

efficient selection in vitro, ai ction Qf trans gene 

15 .ay be included that also allow f limita tion. the 

expression in vivo like for example, g 2 ^ 

Multi Drug Resistance (MDR a 
human genes for Multi Drug Th vmidylate Synthetase. 

3) , a tmP-Clucuronosyl Transferase^ 

canalicular Multi speci - ^ active mu tants of 

20 Cysteine Synthetase, as wen 

• expression of tne ^^^H"^" - 
boundary elements and/or (tissue p 

25 enhancers. . retro viral vectors 

Preferred or additional properties of the 

described in this invention include: , and 3 - n on- 

- * -e of interest with ^r ■ ^ 
translated sequences necessary 

30 translation. „ h . rebv t he two coding 

r e,ions axe ^^os^a! complex on the start 

efficient reinitiation of tne r a 

codon of the second gene or sequences 

35 variable length but is devoid of y ^ 

that form strong « a favourable 

efficiency of translation, the leng ^ ^ firgt 

intercistron is a multiplicity of 3 , the stop 
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. gene thus placed in frame with the start codon of the second 
gene. 

* 

mn.pirnrt.jnn of the retroviral vector PLeC 
5 The retroviral vector pLXSN (Miller and Rosman, 1989) was 

digested with Nhel and the insert containing the viral sequences 
was ligated into the vector backbone pUC19 obtained from pSFG- 
tpa ( R. Mulligan and I. Riviere, Whitehead Institute for 
Biomedical Research, Cambridge, MA) after digestion with Nhel. 

10 The resulting construct, named pLXSNig, was digested with BamHI 
and the ends were filled in using the Klenow enzyme. After 
removal of the enzymes , the DNA was digested with Nhel after 
which the 1452 bp Nhel/BamHI fragment containing the 5' LTR and 
the extended packaging signal was isolated. A 98 bp fragment 

15 containing the 3' LTR was isolated from the vector pLNSX (Miller 
and Rosman, 1989) following digestion with Nhel and Stul. 
Ligation of these fragments into the Nhel fragment from pSFG-tpa 
containing the pUC19 backbone resulted in the viral construct 
pLec (Figure 1) . 

20 

H^ifiraHnn of thp viral enhancer in thfi 3' TYTR of PLec 

pLec was digested with Nhel and the fragment containing the 
•viral sequences was ligated into the Nhel site of 
pSK/ZipAMo+PyF101 resulting in pLecAMo (Figure 2). This vector 

25 carries the modifications in its 3' LTR which will result in 

conversion of these alterations into the 5 ' LTR after one round 
of replication (Valerio et al., 1989). pSK/ZipAMo^PyF101 has 
been generated by subcloning of the Clal-EcoRI fragment from 
pZipAMo+PyF101(N") into the pBluescript vector (M. Einerhand, 

30 TNO, Radiobiological Institute). pZipAMo+PyFlOKN" ) is a low 
copy vector (pBR 322 based) containing a 3' LTR that has been 
made by combining the Clal/Kpnl fragment from pMLV- 
C/R/BAMo+PyFlOl (Linney et al. , 1984) with a Kpnl/ EcoRI 
fragment from pZipSV(X)l (Cepko et al. , 1984). The first 

35 contains part of the R region and a 03 region in which the 

enhancer sequences have been replaced by a mutant form (F101) of 
the Polyoma virus enhancer, the- second contains the remaining R 
and 05 sequences of the 3 ' LTR. After destroying the Nhel site 
in the tetracycline 1 gene in the vector sequences, the unique 
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„ h , nant vectors with wild type 

enhancers into one that contai 
al., 1989). 

, . ^^.Jr retroviral vectors 
. Monocistronic and brcistronic r 

for suicide gene ^ era * y treatme nt of solid tumours is 

A promising method for the trea ^ ^ ^ 

the introduction of suicide genes into the iM 

nice the Herpes simplex virus wf 
Suioide genes, like * / ine Qea minase gene, encode 
0 kinase (HSV-tk) gene or the cyt « non . toxic prodr ug 

proteins that are capable of ganciclo vir is not 

into a toxic dru. « — £ J 0)ph osphorylation hy 

toxic for eukaryotic cells 13 nucleotide analog by 

th e HSV-tk gene *«£»££T*£ »* ^ f 

15 cellular enzymes. termina tion and cell death. 

reP licating cells results in chai ^ therapy has 

The attractivity of this system uced ceils that are 

b econ,e apparent from the notice t ^ ^ 

dying due to the prodrug treatment DVSta nder 

20 untrlnsduced o^'^,^. - — «— 
effect' (Moolten, 1986) Sever g ^ 
in rats to show that after the tuffiOU r cells need 

.tumour cells in ^^^^to establish an effective 
to express the --"^ .„ MooLten . 1W4 >. Efficient 
25 anti-tumour respons fae achieved ia vi vo by direct 

transduction of tumour cells can {Culver 
injection of retrovirus producer cells 

et al.. 1992). retroviral vectors 

„ the vector and its 

opined in this ^^-JSU — " ' " 

use in suicide gene therapy 
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tk) obtained from pAdTK (Bram Bout, IntroGene; European Patent 
Application 94202322.7) by digestion with Hindlll, blunting with 
Klenow and digestion with BamHI . The resulting viral vector was 
named pLTk. 

5 pLTk was linearised with BsiWI. partially digested with 

. EcoRI and dephosphorylated with CIAP. The 5' part of the tk gene 
was then reintroduced as a EcoRI/BsiWI per fragment obtained 
after amplification of the 5 ' part of the tk gene in the vector 
TNFUS69 (Schwartz et al., 1991) using the primers TKkozUp: 5'- 

10 CGGAATTCGCCGCCACCATGGCTTCGTACCCCGGCCATCAG- 3 1 and TkDo-1: 5'- 
CGGCTCGGGTACGTAGACGATATCG-3 ' followed by digestion with EcoRI 

and BsiWI . The resulting retroviral construct was named pLTKkoz 
(Figure 3) . Using this strategie for cloning, a retroviral 
vector was created, that only contains the coding sequences of 

15 the HSV-1 tk gene with an optimized Kozak sequence around the 
start codon. The Ncol site 5* and the BamHI, Avrll, Hindlll and 
Clal sites 3' of the inserted gene are useful cloning sites to 
swap inserts in this vector (Figure 4a). 

The Nhel fragment from pLTKkoz was introduced into the 

20 unique Nhel site from P SK/ZipAMo+(PyFl01) to generate construct 

pIGTk (Figure 4b) . 

The retroviral vector pIGTk was cotransfected into the 
• amphotropic packaging cell line PA317 (ATTC No. CRL 9078.) 
together with an expression construct containing the neomycine r 

25 gene ( AMo+PyFlOlLTR-Neo, M. Einerhand unpublished) and G418 
resistant clones were isolated. One of these produced around 
1x10 s infectious virus particles/ml that were capable of 
transferring the HSV-1 tk gene to thymidine kinase deficient 
Rat-2 cells. This virus producer (termed IG-RV-TK) has been 

30 succes fully used in a preclinical study aimed at curing 

experimental brain tumours in rats (Vincent et al.. 1996). In 
this study 344 Fischer rats were inoculated with 4xl0 4 9L rat 
gliosarcoma brain tumour cells (Weizsaeker et al., 1981) in the 
left forebrain using a stereotaxic apparatus. After 3 days the 

35 growing tumours were inoculated once with 5xl0 6 IG-RV-TK 

producer cells, 5x10 6 control cells (PA317 non-producer cells, 
IL-.2 retrovirus producer cells or LacZ retrovirus producer 
cells), supernatant from IG-RV-TK ceils or PBS. Treatment with 
ganciclovir 15 mgAg twice daily intraperitoneal^ for ten days 
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Figure 5 clearly snows u f . with ganciclovir 

with IG-RV-TK producer cells m combination with g 

often receive an allogeneic DO c i OS elv MHC -matched 

donor. The presence o£ T cel., in tr e.tment. m 

be a Ml or factor determining th. " receiving an 

addition. It ha, been demonstrated tha :j* ***** 
allogeneic BMT the likelihood of a ^«U»1«P-^ 
due to a so called ^"^^T^s^ 
1953) . aovever. these >™°"^^, f mfor tunately. it 
threatening grait-versus-host dise.s^CGVHD)^ ^ 
seems not possible to separate the SVL and GOT ^ 
beman patient,. Thus. although the tre.tf.ent 
. rbe presence of allogeneic T-celX. in the graft, .h 

is seriously havered by £^£1^*-! 
thi, problem could be to isolate (a I transauce them in 
lymphocytes from the donor prior t .the ^ ^ 

rin »ith a suicide gene and use these ceil 9 ^ 

pro.pectiv.ly leading to ^"^^"l^,,, in a 
patients may still benefit from a CTl reaction 

decreased rate o. ■ ^ ^ 

r Tl e 1 that • e infused into the patient, stabiy 
0 virtually all T cells that eradicate them in vivo 

„ the -r*^^; hich a human peripheral blood 
with ganciclovir. The efficiency retroviral vector, 

ivmphooyte, can be transduced „ Vitro ^ u 
i, ublikely to ever become 100*. * • con retrovlra l 
35 necessary to incorporate a -^"^ ^tructs 
vector, in former experiment, with M o£ , 

barboring an internal promoter driving the ^™ 
aecond gen. <o£ten the selection gene,. i oft „ 
interference between the 2 promoters in the retroviru 
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resulted in (unwanted) shut-off of one of the promoters (Emerman 
and Temin, 1984, 1986). Therefore, in the constructs described 
in this invention both genes are located in a dicistron driven 
by one (viral) promoter. Dicistronic mRNAs allow for efficient 
5 translation of the second gene if the genes are separated by 
either a short intercistronic linker depending on ribosome 
scanning, or by specialised sequences triggering internal 
binding of ribosomes . According to the ribosome scanning model 
(Kozak, 1987a, 1989) the small ribosomal subunit binds to the 5 f 

10 end of the capped mRNA and scans for the presence of ATG 

sequences. Initiation of translation occurs at the first ATG in 
a favourable context (Kozak, 1987b) and the translation complex 
dissociates when a stop codon is encountered. Translation of a 
second coding region is possible presumably because the small 

!5 subunit (or another factor of the elongation complex) continues 
to scan along the mRNA and, when an ATG is recognised, is able 
to reinitiate translation. Experiments using different 
intercistronic linker sequences have shown that the sequence 
itself is of more importance than the length (Kozak, 1987a; 

20 Levine et al., 1991). The use of internal ribosomal entry sites 
• (IRES) from picornaviruses to express two genes in a dicistron 

following retroviral infection has been described by W. -Anderson 
. in patent application WO 9303143. These viral sequences are 
however relatively large and have strong secondary structures 

25 which could affect, the packaging capacity and stability of the 
construct and its RNA product. 

As an example of a favourable dicistronic mRNA we describe 
here the construct pLTk+NeoAMo in which the tk gene and the neo r 
gene are separated by a 36 nucleotide linker. The tk or the neo r 

30 gene can both be replaced by other genes. In general, a 

favourable intercistronic linker: (1) Has the start codon of the 
second gene inserted in frame with the stop codon of the first 
gene? the length thus being a multiplicity of 3, (2) should not 
contain any ATG sequences, (3) can vary in length between 9 and 

35 200 bp and (4) should not contain sequences that form strong 
secondary structures in the RNA. The two genes with their 
intercistrons can subsequently be introduced into the retroviral 
construct . 
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C- Mnn nf PT.T^W us EcoRI and 

The HSV-tk gene was excised fro, pLTKKc, 9 . 

BamHI and — ^ - ycerate kina se 

containing the promoter of the numa P 

provided with « E =ohx 1«* « «-^« of ^ neo r ge „« and 
g eaeratin, pPGK'Tlc . To ootrm*. t "° s ^ neor geBe , the 
introduce at Bool site at the start of the a ^ consensus 

j +• Vic a-rr, codon was changed into zjiv 
sequence around the ATG codon ^ pMClneopA 

Kozak sequence (Kozak, 1987b) by a per re 

(Thomas and Capecchi, 1987) using the pr^ers ^ 

p fragment was 
GCCAGTCCCTTCCCGCTTC-3' (reverse) . The 28 * vector 
digested with PstI and subcloned into the pBlue c P 
«x i Petl/AsuII fragment from pLNCX (Kixxe 
i (Stratagene) . K P ^ X ^" f o£ the neo r gene was then 
Rosman, 1989) containing the 3 P followe d 
produced into this ^ J^^^a. The modified 
by phosphorylation and P«**»£ J and clone d into 

ne0 r gene was isolated as a in p p T k + Neo/IF. 

0 the corresponding sites in pPGK TK. res ^ ^ 

Lastly, a blunted EcoRI/BamHI * from he patitisB 
al ., 1985 ). containing an ^ 

.virus (HBV) was ^^f.^f Struct the stop codon of 

generating pPTk+NeopA/IF . in this «»rtr ^ ^ 

„ the tk gene is positioned in st ^ ^ ^ 

neor geQ e. Using a differen ^ f orwar P ^ 
lacking the C just 3' from the Pst ^ are 

dicis tron has been generated - Qf 36 nucleotide s 
separated by a 35 nucleotide linker 

30 (pPTK-HeopVOF; Figure 6) . A/IF was excised by 

The Tk+Neo dicistron from pPTk-Neop / 

E coRI and sail digestion jfl^^^Ltm was 
digestion with EcoRl (parti. a, -dXW^ ^ ^ 
completed after subclonmg of ttoHtel 
35 corresponding site in pZipAMo+PyFlOK* ) 
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Two monocistronic (control) constructs were generated 
carrying either a single TK coding region (pPTkpA) or the neo r 
coding region (pPNeopA; Figure 6). The first originated after 
5 digestion of pPTk+NeopA/IF with BamHI and Sail, blunting with 
. Klenow enzyme and religation, the second after partial digestion 
with Ncol and religation of the vector fragment lacking the tk 
gene. To test the efficiency of translation of both coding 
regions in the bicistronic constructs, plasmid DNA (16 M-9) was 
10 cotransfected with 4 jig pCMVLuc (L . Fortunati and M. Scarpa, 

unpublished) using the CaP04 coprecipitation method described by 
Chen and Okayama (1987). Addition of equal amounts of the 
lucif erase expression construct to each DNA/CaP04 mixture 
enables, correction for differences in transfection efficiency. 
15 Two days after transfection cells were trypsinised and half was 
used to measure lucif erase activity. The other half of the cells 
was partly plated in different dilutions (1/100 and 1/500) in 6 
cm dishes and selected for either tk (HAT-supplemented medium) 
or neo r (medium plus Img/ml G418 sulphate) activity and the 
20 remaining cells were pooled and selected for neo r activity 
' (except for the transfection with pPTkpA wich was selected in 
HAT supplemented medium) . Table 1 shows the relative number of 
• colonies obtained after selection in HAT or G418 containing 
' medium and correction for the lucif erase activity. From these 
25 results it is clear that the tk activity in the bicistronic 

constructs is comparable whereas the translation of the second 
gene (neo r ) is less efficient when the first and the second gene 
are not in frame with each other . 



SUBSTITUTE SHEET (RULE 26) 



PCT/NL96/00195 



WO 96/35798 



16 



# of colonies c 



orrected for lucif erase activity 



HAT selection 



G418 selection 



10 



pPTk+NeopA/IF 
pPTk-NeopA/OF 



pPNeopA 



15 pPTkpA 



12 


16 
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20 



25 



30 



35 
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SaLLction has been Performed 
in duplo. See text for details. 

T „e <=«8 select pools containing the ^^Ti-t- 

pool pPTkpA can he usea to " 5 ,, were plated at low 

the prodru, Sanciclovir^ To , -I . of 5 „ 

density ,1X10" cells, 1= 7= =. fl ^ 

Ganciclovir <««>• ~ " ° 6 Reeled cells. Cells we- 
tk" cells present in the pools or of t he 

plated et low density » . ^ ^s^ cells d». to - 
bystander effect *•••<*• £t „ B trans auced cells, 

trensmittance of the toxic actl y incre »sing numbers 

natin, efficienc- was & oells and 

* tk" cell. (100- 5000, with or^ «a«t tt» .^^ts 
cul ture in *edin» containing «T ^ 
U became clear that the pool of cells tr ^ ^ ^ ^ 

pPTk-SeoPA/IF contained -12* tk 
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transfected with pPTk-NeopA/OF contained -45% tk" ceils. The 
appearance of tk* cells can be partly explained by the fact that 
circular plasmid DNA was used for the trans feet ion resulting in 
integration events that inactivate the tk gene. The difference 

5 between the two bicistronic constructs however, can only be 

explained by differences in translation of the neo r gene due to 
the different intercistronic linker. The outcome of the above 
described experiments lead to the conclusion that the situation 
in which the two coding regions in a bicistron are placed in 

10 frame to each other is favourable compared to an out -of- frame 
situation. 

To be able to directly compare the performance of the 
bicistronic constructs with an intercistronic linker sequence 

15 with bicistronic constructs containing an IRES sequence, two 
additional bicistronic expression constructs were made. The 
first, pPTkpolioNeo , contains an IRES sequence derived from 
poliovirus and the second, pPTkemcvNeo containes an IRES 
sequence from EMCV ( encephalomyocarditis virus). pPTkpolioNeo 

20 was generated by ligation of a 750 bp Klenow treated 

Hindlll-EcoRV fragment from pP2-5' (Pelletier et a!., 1988) 
into pPTk+NeopA/IF digested with Xbal followed by Klenow 
treatment. The resulting construct was then digested with 
BamHI and partially digested with Ncol, Klenow treated and 

25 religated to remove most of the linker sequences present in 
pPTk+NeopA. pPTkemcvNeo was generated by inserting a 582 bp 
blunt EcoRI, MscI fragment from pBS-ECAT (Jang et al., 1989) 
into a pBr322 based pPTk+NeopA clone. The resulting vector was 
modified by exchanging the sequences between the Hindlll site 

30 in the IRES sequence and the Ncol site at the 5 f end of the 
neo coding sequences for a fragment from the 3* end of the 
EMCV IRES with the sequences around the translation start site 
modified to an Ncol site thus placing the ATG in the neo gene 
onto the starting ATG from the EMCV IRES. The EMCV IRES with a 

35 Ncol site on the ATG has been made by exchanging the 3' end of 
an EMCV. IRES clone in pUC119 for a per fragment generated with 
the following primers: 5 1 -CCCAGTGCCACGTTGTGAGTTGG-3 ' and 
5 1 -GCGGATCCGGCCATGGTATCATCGTGTTTTTC - 3 1 . 
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* translation of both coding 
To test the efficiency of transl ^ ^ 

regions in the different bici st ro ™ ^ pRSVLuc 

fibroblasts were ^^^..^^ - 

and one of the ^^\)^ S ^ol^eo, pPTkemcvNeo . 

pPTkpA or pPNeop. ( igure 6 ^ ^ measure 
transection half of the eel ^ 



10 



15 



20 



25 



transfection half of the cexx different 

activity and the other ^ 8 , and partly pooled 

dilutions in medi - contax^ £ « (faicistronic 

and subjected to G418 selects ^ ^ 

constructs and pPNeopA) or HAT sex ^ colon ies 

independent cotrans feet ion ^ the different 

forced with G418 selection was difference s in 

dilutions that were plated and correct ^ ^ ^ 

transfection efficiency xr it* way- transfectiQ ns 
luciferase activity measured in each 

(FigU re 6A ) and 2) by making use of t ■ ^ ^ ^ ^ 

formed under ™*»^%£J~ * intercistronic 
assumption is mad txans ^on of the tt gene. M 

sequences do not influence tn there are 

is evident by which nee* 

no significant differences xn « bic istronic 
. colonies are formed after ^"^J^ is , however, 
constructs. The monocistronic^ ^^J^ c „ts. 

— - as effic were pooled and selected 
Th e transfected Rat 2 cell ^ ^ of tne t K gene 

wi th G418 can be US ^^/ S g e rowth in medium supplemented 
by monitoring cell kill after g different pools 

„ tti „^ ««» • r P « .00 ^ 

, „ ere plated in quadruple in 96 25 ^ gcv. 

- — £ ~ { ^r. P "i:r=elu«. -en defined 
The number of GCV resxstant. (Pr omega). The 

colorimetricall^y — £^ ~ . The absorbance at «. 
results are presented xn tao % 
5 nm in the wells contaxnxng no GCV 
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- 

Cell oool 


Ganciclovir concentration (mM) 


0 


UM 


5 UM 


10 UM 


25 UM 




pPTk+NeopA/IF 


100 


± 11.1 


3.4 ±1.0 


2.6 ± 2.0 


2.8 ± 


2.1 




pPTk-NeopA/OF 


100 


±15.7 


. 4.2 ± 2.1 


4.5 ± 2.5 


5.1 ± 


2.9 




pPTkpolioNeo 


100 


±13,8 


2.3 ± 2.0 


1.8 ± 1.4 


2.3 ± 


1.6 




pPTkemcvNeo 


100 


± 15.2 


0.2 ± 0.4 


0.2 ± 0.2 


0 




10 


pPTkpA 


100 


± 19.6 


0.2 ± 0.5 


1.0 ± 2.0 


o 






pPNeopA 


100 


+ 12.3 


96 ± 3.0 


102 ± 25 


87 + 


17 



Table 2: % of surviving cells grown in medium with 

different concentrations GCV relative to cells grown 
15 in normal medium 



Cell kill is almost complete at 5 MM GCV, a concentration 
that can be reached in the blood of a patient without any 
effect on normal cells. A similar experimental set up was used 

20 to test lower concentrations of GCV ranging from 0.125 to 
1.0 pM. As is shown in table 3 below, pools of cells 
containing an IRES sequence to express the neo r gene in a 
bicistronic transcription unit have a slightly lower LC50 
(GCV concentration at which 50% of the cells are killed) as 

25 compared to the cell pools generated with the bicistronic 

constructs containing an intercistronic linker. In addition, 
complete cell kill is reached at slightly lower concentrations 
of GCV in case of the IRES containing constructs . 



30 




Ganciclovir concentration (^iM) 


35 


Cell pool 


0 


0.125 


0.25 


0.5 


0.75 


1.0 


pPTk+NeopA/IF 


100 ± 7.1 


90.8 ± 6.9 


48.8 ± 1.7 


17.8 ± 2.3 


13.1 ± 2.4 


9.7 ± 5.3 




pPTk-NeopA/OF 


100 ± 6.3 


80.5 ± 10.9 


45.6 ± 8.8 


18.7± 2.1 


11.4± 3.7 


9.9±1.4 




pPTkpolioNeo 


100 ± 8.2 


62.9 ± 3.5 


27.4 ±1.3 


8.5 ± 0.4 


3.1 ± 0.7 


1.4±13 


40 


pPTkemcvNeo 


100 ±11.5 


67.2 ± 7.0 


34.1 ± 22 


9.7 ± 1.0 


2.6 ± 1.9 


0.3 ± 0.3 




pPTkpA 


100 ±10.8 


44.9 ±10.2 


21.4x1.8 


8.1 ± Z7 


8.7 ± 3.6 


6.6 ± 22 
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Table 3 : % of surviving cells grown ML- . medium ^ grown 
different concentrations et-v rew 
in normal medium 

f ^v-tk* cells with HSV-tk" cells showed that, 
5 Mixing of HSV-tK ceix* . i no 

, Hon^ities used in these experiments, there is no 
at the cell densities usea or oving that 

influence of the ■= -U- '^"° der ^ a L Mt 

ceil Mil is due » endogenous expression of BSV « 
due to transfer of the toxic substance to « cells < 

10 not shown). nrp-reistronic linkers 

Above experiments demonstrate that interC1S "°* 
u .h a bicistronic transcription unit in szead or 
can be used in a **** functional expression of either 

ires m: s " r,etic u— «. 

gene in the biciszr e „„ Bnfles because they are 



15 



gene in the bicistron. ay»»u»= Ka „ ange thev are 

^ ,™ virus -derived IRES sequences because tney 
preferred over virus aerive M/ . nnttar v structures in 

shorter in size and do not form strong secondary stru 



the RNA. 



x n <f«i- transfer of the human 
Exa.nple 2: Eetroviral vectors useful for transfer 

20 raultidrug resistance-! gene g Qf a 

Multidrug resistance may result tro 

— /D-oivcoDrotein) encoded by tne 
multidrug transporter (P glycoprote > £er a 

..ultidru, resistanoe ,«!•.»-■ " ".H^cells by 
.ultidrug-resistant phenctype to drug-.. »• I T ^ 

B transfection and subseguent expression of tbe^ 

attractive appro.cb tner.fore " ^ . to 

,ene into haemopoietic stem cells (HSC . »itn 
Uect patients fro. y et 
.ternatively tbe factor J^J-^. _ or BIV 

30 another gene of interest < e -9 selection in vivo, using 

inhibiting genes/sequences) allowing p . 
atoxic drugs efficiently pumped out of the cell oy 
fy Z -in. Successful circumvention of myelosuppression by 

'transduction of the MDR1 gene in bone ^'^J^ 

,~ efficient gene transfer system. Current!/, 
35 tSSZiS^Ti-- is the only — tbat 
eUows efficient and stable gene transfer »« . 

An eptisal retroviral construct for f""™ ac "°° 
httM n Ml gene in Kae^opoietic cell. ,has besrdes the 
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properties of the basic pLecAMo construct the following 
additional properties: 

* Only the full length coding DNA sequence of the MDR1 gene is 
inserted to avoid negative influence of non- coding flanking 
5 nucleotide sequences on gene expression and to allow maximal 
space for additional gene(s) of interest. 

- The wild- type MDR1 is utilised instead of mutant forms with 
altered substrate specif icity (Choi et al., 1988) as mutant 
. MDR1 P- glycoproteins may result in vivo in an immunogenic 
10. response to transduced cells. 

* ■ 

Construction of pIGmdrl-G 

To facilitate cloning of the 14DR1 gene, the high-copy 
number plasmid backbone in pLTKkoz was replaced by a low-copy 
15 number plasmid by subcloning of the Nhel fragment of pLTKkoz 
in pZIPAMo+PyF101(N-) . The resulting construct was named LTK- 
AMo. The wild- type human MDR1 cDNA (van der Bliek et al., 
1988) was inserted in LTK-AMo by ligation of 3 fragments: 
Fragment 1: NcoI-BamHI fragment of LTK-AMo. 
20 Fragment 2: NcoI-EcoRI MDR1 fragment. 

This 1178 bp fragment was generated by PCR using Pfu DNA 
- polymerase. Two primers were used: v mdr5' (thio) ' (5' - 
CCTCTAGACCATGGATCTTGAAGGGGACCGCAA 

TGGAGGA- 3 ' ) spanning the start- codon of MDR1, in which a 
25 cytosine was placed before the ATG start- codon ,. thereby . 
creating a Ncol site at this position. The second primer 
(4728A: 5 ' -CCAACCAGGGCCACCGTCTGCCCA-3 ' j is positioned 3 ' of 
the EcoRI site in MDR1. This fragment was first digested with 
EcoRI and subsequently partially digested with Ncol. The 1.2 
30 kbp fragment was isolated from an agarose gel. 
Fragment 3: EcoRI -BamHI 3' MDR1 fragment. 

This fragment was isolated from subclone Kl. Kl resulted 
from a previous 4 -part ligation to generate another retroviral 
vector expressing the MDR1 gene which was performed as 
35 follows. The wild- type MDR1 gene, inserted in pJ3QMDRl.l is 
described in Schinkel et al., 1991. A 3.8 kbp Dral-Hhal 
fragment was isolated from this construct. This fragment was 

ligated to two double strand linkers: a 5' -linker (5 r - 
CTCTGAGCTCCCATGGATCTTGAAGGGGACCGCAATGGAGGAGCAAAGAAGAAGAACTTTTT 



4 



SUBSTITUTE SHEET (RULE 26) 



PCI7NL96/00195 

WO 96/35798 



IT 



10 



15 



•4-v, Mrni and Oral and isolated 
TAAATCTC-3 ' ) which was cut with Hcol and 

fro. a agarose gel and a 3 < ^ was cut wi th • 
CAGGCTGGAACAAAGCGCCAGTGAGGATCCTCTCT 3 > 

Hhal and BamH! and also isolate Aft L Ration, 
sequence indicates fragment to be insert , NcoI _ BanHI 
^ Product was recut with formation in competent DHSa 

retroviral fragment After CQrrectly 
cells, a clone was isolated Kl.whi sequence 

Hhal-BamHI MDR1 fragment as connnu i 

inserted 3 Hhal olig0 nucleotide was not inserted. 

analysis. However, the 5 ol ^°* positi0 ned after the 

Therefore, Kl has a BamHI-site directl po ecoRI - BamHI 

TGA stop-codon which could be used to isolate 

MDR1 fragment. . resu ited in 

Liga tion of the three **«£ a ^ ceil line s. 
pIGmdrl-G and was used to generate MDR1 pro 




20 



25 



30 



Ifi2Em , , . transfected in the PA317 packaging cell line 
IGmdrl-G was transtectea -«, 1a -*i on - ATCC No. 

.ohteinea *- th. — ic.n Type ™^™ t0 select 
CRL 9078 >. BLH7 cells were ™ IM oells were 

£o r cells the, retain * ^chopterin. 
erown in HT »ediu» for 4 days o d 1- ^ ^ 

6 » 10 5 cells were ^ ^ ^ cells „ere . 

LipofectAMME es reagent. The following ^ 
rrypsinized ace l.W* cells were seeded ^er» « 
serf d», 70 »« of vlncriso.se was add.*. »d 
vincristine was refreshed 'J^ ™ e , »•« 

rrvpsinlssticn '"f^^'S^ The resnltin, cell 
trypsinized, pooled, and furtner c 



line was called IGvpOlO . 



35 



IMt for Che presence of ^™^ OB =0Bpetent 

« - — » co-cnltivation of 
retroviruses (RCR) • Tnis permlts 
5X10 6 cells for 5 passages with ms dunn ^ 
amplification of RCR by the feline (K 4) 
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b) Expression, of IGmdrl-G in a human drug -sensitive A2780 
ceil line. 

To simulate bulk transduction conditions that are 
employed for haemopoeitic target cells we tested supernatant 
5 harvested from the IGvpOlO producer cell line on a P- 

. glycoprotein negative human ovarian tumour cell line (A2780) . 
After a two -hour transduction and a 48 hour culture period, it 
was possible to accurately determine the proportion of 
transduced cells by their ability to exclude the fluorescent 
10 dye Rh-123 which is an efficient substrate of the P- 

glycoprotein . Under these conditions the IGvpOlO supernatant 
yielded 29.37 % Rh-123 du11 cells (corrected for background 
activity, Figure 7). 

c) Transduction of mobilised human peripheral blood 

15 progenitor cells (PBPC). 

CD34+ selected PBPC were transduced over 96 hours with 
IGvpOlO supernatant at a ceil concentration of 1 x 10 6 /ml in 
the presence of human interieukin- 3 . IGvpOlO supernatant was 
refreshed every 24 hours. Protamine sulphate (4 p.g/ml) was 

20 added with every supernatant change. MDR1- transduced and mock- 
transduced PBPC were plated in duplicate at 5 x 10 3 /ml in 1 ml 
methylcellulose medium in the presence of IL-3 and GM-CSF. 
• Screening for MDR1 overexpressing progenitor cells was 
performed with vincristine which is an efficient substrate for. 

25 the P- glycoprotein. Freshly thawed vincristine was added to 

the dishes in increasing amounts. At all concentrations, cells 
were plated in duplicate. Colony forming units (CFU-C) were 
scored after 14 days. MDR1- transduced and mock -transduced were 
compared by dividing the number of colonies in the dishes with 

30 vincristine by the number of colonies in the dishes without 
vincristine. Figure 8 shows the result (error bars give the 
minimum and maximum value obtained) . At a dose of 20 nM, 47% 
of the IGmdrl-G colonies survived compared to 3% of the mock 
infected cells. A dose of 30 nM killed all colonies in the 

35 control group, while still 9% of the MDR1- infected colonies 
survived. This experiment not only clearly demonstrates that 
IGmdrl-G efficiently infects haemopoietic cells, but also has 
a high expression level of the inserted gene in haemopoietic 
precursor cells. 
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. human bone marrow cells. 

d) Transduction of normal human a 

CD34+ selected normal human bone marrow cells were 
CD34 select transduction, cells 

transduced as described *r «• ^ .^.^ 
W ere seeded for CFU-C formation in the P ^ ^ 

5 amounts of vincristine. ^^^^ provirus- 

isolated from the colonies « , - ^ ^ ^ 

dpr Seven independent experiment* 
specific PCR . Seven * transd uced with the IGmdrl-G 
8±9 percent of the CFU was vincristi ne resistant 

retrovirus. Prom one ^^^ s^ that the 

10 colonies we* '"^'J^ZZ 30% without vincristine 
percentage PCR+ CFO C mere ^ This 

to 44% (20nM), 71% (30 nM) and 100% at 40 nM * 
experiment clearly demonstrates that in S ^ doges of 

transduced hemopoietic progenitor cells at increasing 

15 cytostatic drug actually occurs. 

I„ accordance with results presented by Sorentino et al • 

(1993 r detected aberrant ^^^Z^ 
the JHl cum inserted in our vector^ An C°b ^ 
20 would be the modification of cryptic splice 
altering amino acid coding sequences . 

- nr MUS/la vivo selection of transduced 
. Example 3 ; Gene therapy for AIDS/M vx 

'„ " lufeotios of CD,* T-cell. » the — • '-^S- 
virus (It) is the firs, an, caus.tiv e event ' 
of AIDS »s a neater of the large family of retrovrri 
of AIDS, as li£e . cyc ie like other retroviruses. Spread 

: Z r^it — =n ^tio. reverse trass r^u. 

the life cycle of the retrovirus using so called genetic 
the life cycle . ntracellular antibodies, ribozymes, 

antivirals like e g. intracell ^ ^ ^ 

antisense molecules or decoys (r ^ 
35 1994). These molecules have to be ana 
• .HW susceptible to infection by HIV i.e. CD4 
L^sZ^es is the hlooe. .rot.^ : ^ t ^ 
m isfectios ».y li-t or eves ^ i— 
and limit the pathogenic effect of the vxr 
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system. Ideally, haemopoietic stem cells are the targets for 
such protective therapy as they will provide the patient with a 
continuous source of protected T-cells. However , the stable 
infection of HSC may not be very efficient and following 
5 transplantation of the transduced cells a multitude of non- 
transduced endogenous stem cells will continue to generate 
mature cells resulting in many unprotected cells in the 
peripheral blood and thus facilitating replication of HIV. 
Therefore, the constructs that we describe here and that are 
10 designed to express genetic antivirals in HSC and descendents 
thereof, are all based on the pIGmdrl-G retroviral construct 
(see example 2). In this construct the human MDR-1 gene allows .. 
for selection of transduced stem cells in vivo. 

15 Construction Of PTOmrirl -G/HTVasTAR and pIGmdrl-G/HIVasTARMg and 
similar vector* 

As an example of the construction of recombinant retroviral 
vectors specially designed to deliver anti-HIV-1 molecules to 
the HSC and their descendants, we describe recombinant 
20 retroviral constructs generating antisense RNAs directed to the 
5' end of HIV-1. The use of the polymerase Ill-dependent 
adenoviral VA1 promoter (Fowlkes and Shenk, 1980) ensures high 
levels of expression of short inserted sequences. 

Firstly, a subclone from pIGmdrl-G. was generated by 
25 digestion with BamHI and religation of vector sequences. This 
clone, pIGmdrABamHI was used to introduce the Adenoviral VA1 

gene and promoter sequences that were obtained by amplification 
of Ad5 sequences with the primers: 5 1 -CCTGCTAGCTCTAGACCGTGCAAAA- 
3 1 and 5 1 -AAAGCTAGCAAAAAAGCGGCCGCGGGGCTCGAACCCCGGTCGTCC-3 1 . 
30 Digestion of the per product with Nhel allowed for cloning into 
either the unique Avrll or Nhel site of pIGmdrABamHI. Clones 

were selected that contained . the VA1 promoter in either 
orientation. The unique NotI site that was introduced into the 
VA1 gene during the per amplification, then served as an 
35 insertion site for HIV-1 sequences. These were obtained by 

amplification of HIV-1 sequences in the pBRU2 vector (Xbal/Clal 
fragment from pLAI/pBru from B.Klaver, AMC A 1 dam) using the per 
primers: 5 f TAR 5 1 -AATCGCGGCCGCGTCTCTCTGGTTAGAC-3 1 with 3' TAR 
5 1 -AATCGCGGCCGCGGTTCCCTAGCTAGCC-3 1 to amplify the TAR loop from 
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+1 to + 57 ( p IGmdrl - G/HIV - TAR ) and with 3 ^, S ^ tQ th gag 

start codon from +1 to + 348 (P ^ 
fragments were digested with NotI and clon OQ of 

pIGm dr.amHI/VA construct, epe- ^ 

inserted HIV sequences with /H IVsTAR, pIGmdrl- 

P ro,oter, the '-^^^Z — - 

G/HIVasTARgag or /HIVsTARgag were y 

as-antisense) . _ nfitructs we re derived in two 

3 in addition, all constructs were telving 

mentations: one in which the VAl L one in 

transcription in the same direction as the 
the reversed direction. 

Ketroviral vectors for gene therapy of •«*« 



15 Example 4: 



20 
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_, , v i VO marking studies 
disease and xn vivo raatj^y . oar _ e . t of Gaucher 

Re troviral constructs for th „ ^ 

- ^ r^r:- ™« «- -a— 

,l„coeerebrosida»e (GO sequence in th. retrov 

es disclosed In this invention. retrovlra l vectors 

Moreover, th, c-««l-. « ' ^ cetebr osid.se 
«* difier in the „ otder to perform 

,SC) cDSA (described below « ^ len , th o£ the 

in gene -Kin, studies The d - ^ 

inserted GC cDHR s allows for the « ls re iafusion 

.nltiple retroviruses after « «» ™ ^ fc 
ot the lnf.ct« graft into ^ ^ =ells 

optimize gene deliver/ to c P efficiency 
these vectors can be used to study tr packagiug 

Terence. "Z"t^^ 

cel l lines. * ^addition d iffere ^ ^ ^ ^ be 

different growth £. *™ „ atltio , studies, gene 

studied. Compared to single « eMblM 0 »« to 

rapidly as.es. • bb- «U - ■ ve ptogmitor ceUs . 

transduction efficiency therapeutic 
Furthermore, an additional advantage of the use 
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cDNA's, such as hGC, in gene marking studies instead of cDNA's 
encoding foreign proteins, for instance Neo r (Brenner et al., 
1993), is the absence of unwanted host immune responses 
against the expressed foreign protein. 

5 

rnnstruction of re troviral Glucocerebrosi dase vectors , IQ'QQ 

* 

The complete cDNA sequence (1888 bp) of the human 
placental glucocerebrosidase was digested to completion by 
Xhol and separated from the 7549 bp pGB125 backbone (Genzyme 
10 cooperation) by agarose gel electrophoresis. The DNA fragment 
was electroeluted from the agarose and purified by 
phenol/chloroform/ isoamylalcohol extraction. 

The pLec plasmid (5773 bp) was linearized by Xhol 
digestion. The Xhol digested DNA was treated with calf 
15 intestinal phosphatase (CIAP) and subjected to agarose gel 
• electrophoresis. The linearized DNA fragment was excised and 
purified. The isolated Xhol hGC cDNA fragment of 1888 bp was 
ligated to the dephosphorylated 5773 kb Xhol DNA fragment of 
pLec using T4-DNA ligase. The resulting 7661 bp retroviral 
20 vector is designated IG-GC-1 (Figure 9). To construct 

retroviral vector IG-GC-2, the IG-GC-1 vector was digested 
with Nhel. The resulting 3431 bp Nhel DNA fragment was 
• ligated to the linearized and dephosphorylated 4375 kb Nhel 
DNA fragment of pSK/ZipAMo+PyFlOl using T4-DNA ligase. The 

25 . resulting 7806 bp retroviral DNA construct is designated IG- 
GC-2 (Figure 10) . 

In addition to IG-GC-1 and IG-GC-2. two variants were 
constructed designated IG-GC-3 and IG-GC-4. These variants are 
identical to IG-GC-1 and IG-GC-2 respectively except for the 

30 3 ' -untranslated region of the hGC coding sequence. From this 
region a 160 bp fragment (from nt. 1728 to nt. 1888) was 
deleted using PCR. Construction of IG-GC-3 was done as shown 
in figure 11. Briefly/ two oligonucleotides were synthesized, 
GCo3 with sequence 5' -CGGGATCCTAGAGGGGAAAGTGAG-3' and GCo4 

35 with sequence 5 ' -CAGCCCATGTTCTACCAC-3 ' . GCo3 contains a BamHI 
restriction site. These two oligonucleotides were used to 
amplify a 420 bp DNA fragment using IG-GC-2 plasmid DNA as 
template. The 420 bp PCR fragment was digested with BamHI and 
the 220 bp PCR fragment was isolated and ligated to IG-GC-1 
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10 



linearized with BamHI (Figure 11) • The resulting 
DNA that was ^ ea "^ nQW containS a human GC cDNA 

vector, designated IG GC 3, no 12) 

— — 160 * ; n ^GC-sTst g sXith Nhel and a 
TO construct IG-GC-4, IG GC was g ^ 

3231 bp DNA fragment was isolated^ Thi ^ ^ 

includes the hGC cDNA sequen ce W " ^ pyF10 i 4375 Kb DNA 

fragment (Figure 13). The result 
is designated IG-GC-4. 
SeassafcifiD of rr nr 2 and TH-nr-4 re 




15 



20 



re llS , , H riNAs we re introduced into 

IG -GC-2 and IG-GC-4 plasmid DNA s we ^ ^ 

ecotropic retroviral packaging eel H respectiv ely . 

et al.. 1988) and V -CRE (Danes et al^l 

Selection of transfected cells wa achiev** ^ ^ ^ 
of expression plasmids P SV2neo ( with IG . GC 4 
XCG-GC-2 and pPGKneo (R. Vogels . see ex P ^ ^ ^ 
a * a ratio of 1 : 10- G418 resistant ceil p 
at a ratio or Tr . GC . 2 and IG-GC-4 virus was 

were generated. Ecotropic IG G 2 an 
produced by growing confluent layers ^ 
cells in fresh medium at 32 C for 

SU pernatants were collected, passed «^ en ^ ollowed 

J . a jj,*,i v frozen in liquid nitr«y<=" 

aliquoted and immediately iru*.e» 

by storage at -80 6 C. eC otropic cell pools 

To test whether the G418 resistant ec«rp ^ ^ ^ 

also express the human GC protein, cell ly artificia l 

level was measured usxny 
the GC enzyme actrv.ty level or colori „etric : 

GC substrate (fluorescence, 4-H» S glue fected G p 

p»p. 6 . g lucoside, . cell lysetes »%. f ™ ce lls. and « 

* E86/W-CM: cells, transferee CP ^ 8 A ^ 
M use fibroblast cells infected with ^ ^ 

„t,nt. The results the infected 

transfected ecotropic CP E86 ■ Uvels 
» cells had l.S-2.0 tiae. ^"^^11. ( rl,ur. 
35 compared to the non-transf ected pac*a,i . . 

» western blot of cell pools ». 9 monocl<) „l antibody 

transactions, usin, t e „ kDa bGC pr otein is 

8E4 (Aerts et al., 1985) showea t (Fig ure 14B) . 

expressed in the GP ♦ E86 packaging cell line (Fig 
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To show that the increased GC enzyme activity levels 
after infection of cells with ecotropic virus is caused by 
expression of the human GC protein, ecotropic virus obtained 
from the GP2b pool was used to multiply infect amphotropic 
5 PA317 cells. Cell lysates of the infected PA317 cells were 
made and the GC activity level was measured. It was shown 
that the infected cell pool had approximately 1.8-2.0 times 
elevated GC activity levels compared to the non- infected 
packaging cells (data not shown). A Western blot of the cell 
lysates of these infected PA317 cell pools (Bl and B2) , using 
the human GC specific antibody 8E4 (Aerts et al., 1985), 
clearly shows that ecotropic virus, carrying the IG-GC-2 
vector, transfers the human GC protein at significant levels 
(Figure 15) . 

Using the same ecotropic IG-GC2/IG-GC4 virus supernatant, 
Gibbon ape leukaemia virus (GALV) packaging cells (PG13) were 
infected. In the generated PG pools hGC activity was measured 
as described above and again proved to be 2 to 3 times 
elevated compared to parental PG13 cells (data not shown). 
20 Next, producer clones, were isolated from these pools. In 

order to achieve this two rounds of limiting dilution 
(<1 cell/well) were performed in 96 -well microtiter plates. 
. Virus production from these clones was initially tested by 
measuring hGC activity in NIH/3T3 cells (PA317 derived) or 
25 Rat- 2 fibroblasts (PG13 derived) after incubation with the 
cell culture supernatant. Clones giving the highest increase 
in hGC activity were selected and designated 

PA2 (PA3 17/IG-GC2), PA4 { PA3 17/IG-GC4), PG2 ( PG13/IG-GC2 ) , 
and PG4 (PG13/IG-GC4) . These cell lines are deposited at the 
30 ECACC under Nos : PG4 - 96050256, PG2 - 96050257, PA4 - 

96050258 and PA2 - 96050259 according to the Budapest treaty. 

Efficacy testing of the isolated retrovirus pro ducer cell 



15 



35 To characterise endogenous hGC expression lysates were 

prepared from the producer cells. In addition, lysates were 
prepared from Gaucher type II fibroblasts infected with PA2, 
PA4, PG2 , and PG4 virus supernatants to compare virus titer. 
A Western analysis of these protein lysates indicates a 
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hGC expression in the producer 
correlation between endogenous ^ high endog enous 

clones and virus titer i.e. the pro 

hGC levels yield high f** ^^ MaS de termined by 

The virus titer of the PA2 pro j, ml of PA2 

,«5 mth/5T3 cells (6 -well plates) «^ 
i incubating 10* HM/3M cells i Subseq uently, the 

virus supernatant over a 48 hour P ^ ^ limiting 

infected KIH/3T3 cells were ^ expanded 

dil ution (>1 cell/wel an 50^ ^ ^ ^ ^ 
in order to measure hGC activi y ^ ^ n ih/3T3 clones 

0 for copy number ^^^'^^ that in each 
expressed hGC. Southern analyses r 
transduced individual NIH/3T3 clone 
' integrations too* place. Fro, these results ^ 
that the titer of the PA2 producer is at 

l5 functional virus P-^^ ^ ^ och emical phenotype in 
To investigate whether the^bx g could be 

Gaucher type I and type II primary fibrob last 
versed, these cells and /of the -M. 

cells were incubated with virus sup ^ ^ ^ ^ 

20 PG2. and PG4 producer J ^ virus supernatant is 

a single infection **«^^ levels in the Gaucher type 
sufficient to augment hGC act! y lg tQ unin fected 

• x and II infected cell pools to those^ P b . ochemical 

,., ,„ K1 , e ts Thusi correctiuu 
normal human fibroblasts . -n th 

25 Gaucher phenotype is The data 

recombinant viruses carrying the I ^ pQ4 

also show that a single incu atio n with e i ^ 
suoernatant on Gaucher type I and II 
activity levels to 50-70 % compared to normal. 

CD34 + cells were isolated f r ^ ^ 

harvested from a Gaucher type P ^ ^ plates 

wer e seeded at a ^^^ZZ * ^ 

35 in 400 ml virus "^^.p. oaily. for four 
protamine sulphate^ 1^3, ^ _ refreshed . Af ter 
executive days, the virus P ^ . Q a 

this transduction period 2.5 x ^ 
liq uid culture assay (medium containing 
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GM-CSF, and G-CSF) . After a 10 day incubation at 37°C/10% CO2 
the cells were harvested and counted. The number of cells 
obtained after this 10 day period normally was between 
5 x 10 5 -1 x 10 6 showing a proliferative capacity factor of 20 
5 to 40 times. Nine- tenth of the cells was used to measure 

elevation of hGC activity. One -tenth of the cells was pelleted 
and lysed for PGR. Figure 19 shows the elevation of hGC 
activity in the differentiated Gaucher type I cells derived 
from the liquid culture after transduction with either 
10 IG-GC2/IG-GC4 or MDR virus. PCR and subsequent Southern 

analysis of the cells derived from the liquid culture shows 
that the provirus is present in the. IG-GC2/IG-GC4 transduced 
cells (fig. 20) . 

Besides the liquid culture, CD34+ cells were also seeded 
15 for a colony forming unit (CFU) assay at a concentration of 

5xll0 3 /ml in semi -solid methylcellulose. After a 14 day period 
in an incubator set at 37°C/10% C02 approx. 100 individual 
colonies were picked to investigate the transduction 
efficiency of the virus supernatants on these primitive human 
20 cells. By means of PCR it could be shown that with either PA2 
or PG2 recombinant virus approx. 40-50% of all CFUs contained 
the provirus. Infection of this cell type with PA4 proved to 
r be less efficient with approximately 10% infected CFUs (data 
not shown) . 

25 From these data it can be concluded that the IG -derived 

viruses are potent gene delivery vehicles capable of 
correcting the biochemical Gaucher phenotype in primary 
fibroblasts and CD34" r hemopoietic Gaucher cells. 

30 Construction of retroviral nl nrorprPhms idasg-dihvdrnfnlat 
reductase dual vf»pr.nr B 

Low transduction efficiency of the human hemopoietic stem 
cells poses a serious limitation with respect to successful 
gene therapy for diseases such as Gaucher disease. A potential 
35 strategy to circumvent this problem is to use retroviral 

vectors carrying a therapeutic cDNA and a dominant selectable 
marker. Such retroviral vectors make it possible to select 
transduced cells in vivo. For this reason we constructed 
bicistronic retroviral constructs carrying the hGC cDNA and 
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the ^nl d» of »» awdrofoUt. 

reducrase (hDHFR). mr*.* with Pwo enzvme 

The human wild type DHFR was amplif led with P - 
from single stranded cDNA synthesized from mRNA of human 

liver. The 5 • oligonucleotides DHFR1 3 . } and 

,5-cccaagcttcccgggctgcagcgccaccatggttggttcgctaaactg ) 

the 3' oligonucleotide DHFR2 vielded the ' 

ejected DNA ^gment^55 ^J*^. Phe32Ser, was 

) resistant version of hDHFR a point 

. , <n the wild type hDHFR cDNA. Therefore, a 120 op 
introduced m the wild typ oligonucle otides DHFRl and 

5- part of hDHFR was amplified witn oxig desir ed 
DHFR4 C5.-^t^«e.«oct,-3.) . 
station, full length hDHFR PCR product a 

5 enzvme. In an additional PCR reaction a 430 bp 3 part 

« was "the reverse complement 

to each other and subsequently 7j^ f ^^^S^ 
„ assemble the 550 bp full length hDHFR , ^ **P 
of the desired mutation was analyzed by digestio 
which cuts in the wild type hDHFR but not in the 

mUtant To delete the entire 3 • -noncoding domain of «C. ™* 
* Plasmid was utilized for the amplification of a 300 bp hCC DHA 

fragment with ^nucleotide GCol4 

( 5--gatcgagggatgcagtac 3 , and ^ oligonucleotide 
cS'-tatggcgtcgccagtgaggatcctctagaagcttggg j 

GC ol4~contains the stopcodon of hGC. Downstream of 

, ecoll a unique Sail site is present and 

30 oligonucleotide GColl a uniq For cloning 

oligonucleotide GCol4 contains a Hindlll site^ 
purposes, the wildtype and Phe32Ser mutant hDHFR «ft cpu 
were digested with Hindlll (present in DHFRl) and Clal 

! in DHFR2 ) The 300 bp 3 ' -hGC PCR fragment was 
present in DHFR >. T Thege ^ ^ yere 

35 digested with Sail and x ^ ^ ^ 

ligated in a three point ligat resulting bic istronic 

digested IG-GCl construct (Fig. 22). The resulti g 
vectors were coded IG-GC5 (wildtype hDHFR) and IG GC6 
"ser hDHFR) . In these vectors the hGC coding region is 
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separated from the hDHFR coding region by a 36 bp 
intercistronic linker enabling translation of both proteins 
from one single mRNA. To obtain bicistronic retroviral vectors 
containing the mutant polyoma enhancer PyFlOl in the 3'-LTR, 

5 the Nhel fragments were isolated and cloned into 

pSK/ZipDMo+PyFlOl (IG-GC7 and IG-GC8 respectivily) . These 
bicistronic retroviral vectors can be transfected into 
retroviral packaging cell lines to generate viruses that upon 
infection of target cells render these cells resistant to 

10 methotrexate, a potent cytotoxic drug which inhibits DNA 
synthesis by depleting the pool of pyrimidines. 

Example 5: Introduction of Locus Control Region sequences of 

the human CD 2 gene in the recombinant retroviral vector 
15 pLgrAL(AMo+PyF101) . 

For this example the retroviral vector construct 
pLgAL(AMo+PyF101) (Van Beusechem et al. t 1990) was used, 

wherein A represents the human cDNA gene encoding adenosine 
deaminase (hADA) , which is further referred to as "the 

20 vector". Additionally, the Locus Control Region (LCR) sequence 
from the 3 ! regionof the human CD 2 gene (Lang et al., 1988) was 
used, which is further referred to as n CD2-LCR w . In the CD2- 
. LCR a 2076 nt Hindlll fragment (nt 2-2077) has been identified 
which in transgenic mice exerts all the characteristic 

25 features of the CD2-LCR on the CD 2 promotor as well as on 
heterologeous promoters (Lang et al. , 1988, Lang et ai., 
1991). Within this fragment lies a 880 nt Afllll fragment (nt 
433-1314), of which it has been shown in human T-cell lines in 
vitro that it act as a CD 2 -LCR (Lake et al., 1990). In the 

30 vector the Hindlll CD2-LCR fragment, further referred to as 
n L2", or the Afllll CD2-LCR fragment, further referred to as 
"L0.8 n , was cloned. Thereto the L2 and L0.8 fragments were 
isolated from the construct GSE1502 (D. Kiousis, MRC) and 
provided with a blunt end with Klenow-polymerase . The vector 

35 was digested with Clal (nt 7675 of Mo-MuLV, in env) or Nhel 
(nt 7846 of Mo-MuLV, in the 3'LTR) and also provided with a 
blunt end. The fragments L2 or L0.8 were cloned into the Clal 
site (resulting constructs are further referred to as "CL2" or 
n CL0.8"), or into the Nhel site (resulting constructs are 
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further referred to as n NL2" or n NL0.8 n ). They were cloned in 
the normal 5'-->3' orientation of the CD2-LCR (forward, 
further referred to as "F" ) as well as in the 3'-->5' 
orientation (reverse, further referred to as "R"). In this way 
5 8 different novel retroviral constructs were made, referred to 
as "CL2F", "CL2R" , "CL0.8F", "CL0.8R", n NL2F\ "NL2R n , 
"NLO. 8F" / and "NLO.SR" (Figure 2). 

The 8 new constructs were packaged into recombinant 
retroviruses. Thereto 20 jig DNA of the constructs was 

10 transfected into the ecotropic packaging cell line GP+E-86 
(Markowitz et ai., 1988), using the method as described by 
Chen and Okayama (1977). Prior to the transfection the GP+E-86 
cells were cultured in a medium containing 15 |ig/ml 
hypoxanthine , 250 ^ig/ml xanhine, and 25 *ig/ml mycophenolic 

15 acid, in order to select for retaining the DNA sequences which 
are responsible for the production of viral proteins. 
Transfectants producing a functional hADA enzym were isolated 
through a selective culture in medium containing 4 jiM 
xylofuranosyl- adenine (Xyl-A) and 10 nM deoxycoformycin (dCF) 

20 (Kaufman et al., 1986). Culture supernatant of Xyl-A/dCF- 

resistant transfectants was, after filtration through a filter 
with a pore size of 0.45 jim, used to transduce the amphotropic 
packaging cell line GP+eavAml2 (Markowitz et al, 1988) with 
- the ecotropic recombinant retroviruses present in that culture 

25 supernatant. The amphotropic packaging cells were selected for 
retaining the DNA sequences encoding viral proteins prior to 
use (as described for GP^E-86 cells, with the addition of 
200jig/ml hygromycine B) and preincubated with 4 \ig/ml 
polybrene to promote retrovirus transduction. GP+env Aml2 

30 cells producing a functional hADA enzym were isolated through 
Xyl-A/dCF- selection as described above. Individual hADA- 
positive GP+envAml2 clones were isolated and expanded-. 
Before the hADA-positive GP+envAml2 clones were characterized 
for integrity of the integrated recombinant retroviruses and 

35 the production of amphotropic recombinant retroviruses it was 
first verified that all clones were derived from individual 
transductions with recombinant retroviruses. Hereto 
chromosomal DNA from the clones was digested with Bgllll 
(which cuts once in the construct, within the hADA gene) and 
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hybridised with an hADA probe (551 nt Bgllll-SstI fragment of 
pAMGl (Valerio et al., 1985)) in a Southern analysis. Herewith 
3' junction fragments with a length which depends on the 
insertion site in the genome are identified. All clones were 
5 shown to have one single insertion of one of the recombinant 
•retroviruses. Clones having junction fragments of the same 
length were excluded from further analysis . Thereafter all 
remaining clones were tested for the correct structure of the 
integrated recombinant retroviral construct through Southern 

10 analysis. Hereto the chromosomal DNA of the clones was 
digested with Kpnl (cuts once in both retroviral LTRs, 
resulting in fragments which hybridise with de hADA probe of 
3.5 kb for the vector and 5.5 kb and 4.3 kb for constructs 
having L2 and L0.8 insertions, respectively). The result of 

15 this analysis is shown in Table 2. When the L2 fragment was 
cloned in the Clal site the fragment length in all analysed 
clones was correct, independent of the orientation of the 
insertion. Cloning in the Nhel site, however, resulted in 
. instability of the resulting constructs. This result was most 

20 serious after insertion in the forward orientation. Insertion 
. of the L0.8 fragment resulted in stable recombinant retrovirus 
constructs in most cases, except after the cloning into the 
Clal site in the reverse orientation. All clones packaged 
recombinant retroviruses; even the clones which harboured 

25 damaged retrovirus insertions. The different insertions .had no 
significant effect on the titers with which viruses were 
produced (Table 4). A number of clones harbouring truncated 
retrovirus insertions was subjected to a more thorough 
analysis. Three independent NL2R clones were all shown to have 

30 a 2 kb deletion in a fragment covering the area from the 3 'end 
of the hADA gene until the 3' end of the L2R insertion.. In 7 
analysed NL2F clones the retrovirus insertions were shown to 
have deletions varying from 200 bp to 2 kb in size. In all 7 
clones the deletion comprised (a part of) the L2F fragment, in 

35 2 of these clones the deletion extended into the vector (3* of 
hADA and 5' of L2F in the 3'LTR). The 5 damaged CL0.8 clones 
had deletions of different lengths in 4 cases and an insertion 
in one case. These results show that the L2 fragment comprises 
sequences which influence the stability of the vector 
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negatively when this fragment is incorporated the LTR of the 
vector. Therefore, L2 fragments must be placed between the 
LTRs, whereby it is preferred to use the Clal site for that 
purpose. As an alternative for insertion into the LTR the 
smaller L0.8 fragment can be used. 

T»hi« 4 : Analysis of GP + envAml2 clones harbouring a single 
co P v of a recombinant CD2-LCR comprising retrovirus construct, 
obtained through infection with ecotropic recombinant 
retrovirus supernatant. 



Recombinant 
Retrovirus 
Construct 



Stability 

Retrovirus 

Structure* 



Recombinant 
Retrovirus 
Titer [mean (range)]** 



30 



9E2 (1E2-2E3) 
2E3 (1E3-4E3) 
9E3 (1E3-2E4) 

N.A. 
2E4 (1E3-1E5) 
3E3 (5E1-1E4) 
2E3 (1E2-6E3) 
5E3 (2E3-8E3) 

Number of clones having the correct recombinant retrovirus 
integration / number of independent clones analysed. 
Mean titer of GP+envAml2 cells harbouring the vector 
without the CD2-LCR insertion was 1.5B3. N.A., not 
analvzed . 



CL2F 


9/9 


CL2R 


4/4 


CL0.8F 


7/7 


CLO . 8R 


7/12 


NL2F 


0/7 


NL2R 


8/10 


NL0.8F 


6/6 


NL0.8R 


4/4 
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Legends to figures 

Figure 1. Schematic representation of the cloning strategy 
used to construct pLec. LTR, long terminal repeat ;HIII, 
5 HindIII;mcs, multiple cloning site; SD, splice donor site; SA, 
• splice acceptor site; TAG, stop codon; waved lines represent 
mouse genomic flanking sequences. 

Figure 2. Schematic representation of the cloning strategy 
10 used to construct pLecAMo. . 

x, Xbal and see legend figure 1. 

Figure 3 . Schematic representation of the cloning strategy 
used to construct pLTKkoz. 
15 see also legend figure 1. 

Figure 4a and b. Schematic representation of the constructs 
pIGTK and pLTTAMo. see also legend to figure 1. 

20 Figure 5. Kaplan-Meier survival curves of rats with brain 
tumour treated with single dosis recombinant retrovirus 
producer cell lines and subsequent GCV administration. 
■ Intracerebral injection of tumour cells at day 0. IG-RV-TK was 
. injected 3 days after tumour cell injection. One group was 

25 injected with IG-RV-TK producer cells (n«10)( ). The 

controls (n=5/ group) were injected with PBS ( ), RV-lacZ 

producer cells ( ) TK+RV- non producer cells ( — — 

), supernatant of IG-RV-TK producer cells ( ) and RV- 

IL2 producer cells ( — - - — > . One group was injected with 

30 IG-RV-TK producer cells without subsequent GCV treatment (- - 
- - - -) . Five days after virus injection 15 mg/kg GCV was 
administered twice a day for ten days i.p. . IG-RV-TK treated 
rats lived significantly longer than controls (p<0.01; log 
rank test). One rat died of superficial leptomeningeal tumour 

35 (*). This rat is censored in the survival analysis. 

Figure 6 . Schematic representation of the constructs used to 
test the intercistronic linkers. TGA,, stop codon; E, EcoRI; S, 
Sail. 
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Figure 6A. Bar diagram representing the average number of 
colonies obtained after G418 selection of trans fected Rat- 2 
cells corrected for (arbitrary units of) Lucif erase activity. 

5 Figure 6B. Bar diagram representing the average number of 
colonies obtained after G418 selection of transfected Rat-2 
cells corrected for the number of colonies obtained after 
selection in HAT medium. 

10 Figure 7. Rh-123 exclusion analysis on A2780 cells after 

transduction with IGmdrl-G virus supernatant. Transduced A2780 
cells (A) are compared to mock- infected controls (B). 

Figure 8. Vincristine survival of CD34+ peripheral blood cells 
15 after transduction with IGmdrl-G virus supernatant. CD34 
selected PBPC were transduced with (squares) or without 
(circles) IGmdrl-G supernatant for 4 days in the presence of 
IL-3 and 4 jig/ml protamine sulphate. Supernatant was refreshed 
daily. After transduction, PBSC were seeded for in vitro 
20 colony formation (GM-CFU) in the presence of increasing 

amounts of vincristine. Colonies were scored after 14 days. 
The survival was calculated by dividing the number of GM-CFU 
in the dishes with drugs by the number of GM-CFU in the dishes 
without drugs. 

Figure 9. Physical map of retroviral construct IG-GC-1. SD, 
splice donor: SA, splice acceptor. TAG, mutated startcodon of 
gag coding sequence; LTR, long terminal repeat. 

30 Figure 10. Physical map of retroviral construct IG-GC-2. SD, 
splice donor; SA, splice acceptor; TAG; mutated snartcodon of 
gag coding sequence; LTR, long terminal repeat. 

Figure 11. PCR strategy to delete part of the 3'- untranslated 
35 region of the human Glucocerebrosidase cDNA (see text for 
details ) . 
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Figure 12. Physical map of retroviral construct IG-GC-3. SD, 
splice donor; SA, splice acceptor; TAG, mutated startcodon of 
gag coding sequencel; LTR, long terminal repeat. 

5 Figure 13. Physical map of retroviral construct IG-GC-4. SD, 
splice donor; SA, splice acceptor; TAG, mutated startcodon of . 
gag coding sequence; LTR, long terminal repeat. 

Figure 14 A. Increase in glucocerebrosidase enzyme activity 
10 after trans fection of retroviral constructs IG-GC-2 and IG-GC- 
4 in packaging cell lines GP + E 86 and Psi-CRE respectively 
and after infection of 3T3 cells. 

Figure 14B. Western blot with primate specific monoclonal 
15 antibody 8E4 (80 mg total protein/lane). A, B, C: Cell lysates 
prepared from GP + E86 cells after transfection with 
retroviral construct IG-GC-2. +/-: With or without protease 
inhibitors. GP: Cell lysate prepared from non - trans fected GP + 
E86 cells. 

20 

Figure 15. Western blot with primate specific monoclonal . 
antibody 8E4 (80 mg total protein/lane). B1/B2: Cell lysates 
prepared from PA317 cells after repeated infection (1, 4, 10 
times) with ecotropic GP2b virus (duplicate). GP: cell lysate- 
25 prepared from GP E86 cells after transfection with 

retroviral construct IG-GC-2 as positive control. PA: Cell 
lysate prepared from non- infected PA317 cells. Cer: 16.5 mg 
(0.7 units) recombinant glucocerebrosidase (Genzyme Corp.) as 
positive control. 

30 

Figure 16. Western analysis on hGC expression in producer 
(PA2 , PA4, PG2 and PG4) and of the parental cell line- PA317 
(PA) was loaded on a 10% acrylamide gel. As positive control 
approx. 1 unit of Cerezyme (Genzyme corp.) was loaded. B) 20ng 
35 total protein of each infected Gaucher type II cell pool (PA2, 
PA4, PG2 and PG4) and of the parental cell line (T-II) was 
loaded . 
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, < „ of PA2 infected individual 3T3 cell 
Figure 17. Dm analysis of M ^ 

clones, isolated DNA was digested wit ^ 

• ^« of hGC sequence) ana 

restriction site jut 5 of hGC q ^ c DNR 

were probed with the complete hGC dg ^ visible 

5 of each individual 3T3 clone a uean o three 
resulting in an estimated functional titer 



3 x 10 5 /ml. 



10 



15 



• /dmo-R-g1u^ on normal and 
- q hrr . activity assay (PNP P <* iU ' w 
Figure 18. hGC actx * as well as on type I and II 

Gau cher ^^[^ with virus supernatant. 
GaU T l d Gaucher ty^e I fibroblasts (grey bars) versus non- 
M 1 TTJZ bar) aid normal (blac* bar) cells (n-4). 
infected (white bar) an f . broblasts (gre y bars) versus 
B) Infected Gaucher type n 

non-infected (white bar) and normal (black bar) 

*■ 44-« aasav (PNP-B-Glu) in lysates of 
Figure 19. hGC-actiVity assay (PH P 

infected 034+11*1* culture cells of Gaucher 



(n-4) . 



20 



25 



30 



FigU re 20. PC* and subse q uent ^^^^^ 
presence of the recombinant proviru n ec« ^ ^ ^ 
bone marrow cells. Southern blot was pro 
BamHI fragment from the 3 ■ end of the hGC gene . 

• 2 i Strategy for the introduction of a point mutation 
Figure 21. Strategy ... ,- olat . reductase cDNA- 
(P he32Ser) in the human dihydrofolate rea 

Fig ure 22. Schematic drawing of the map of recombinant 
retroviral vectors IG-GC5 and IG-GC6. 

■ 
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CLAIMS . ■ 

• * 

1. Vector derived from a retrovirus, comprising a sequence 
responsible for transcriptional control/ including an 

• enhancer, which vector further comprises a site for insertion 
of at least one gene of interest, a packaging signal, said 
5 vector having no superfluous retroviral sequences and no open 
reading frame encoding at least parts of viral proteins, 
characterized in that at least one enhancer is an enhancer 
that is active in undifferentiated cells. 

2. A vector according to. claim 1, wherein a sequence 
10 responsible for transcriptional control is a viral long 

terminal repeat sequence. 

3. A vector according to claim 2 wherein at least one. long 
terminal repeat is of retroviral origin. 

4. A vector according to claim 3, wherein at least one long 
15 terminal repeat is derived from a Moloney murine leukemia 

virus . 

5. A vector according to anyone of the aforegoing claims, 
wherein at least one enhancer is the polyoma virus mutant 
PyFlOl enhancer. 

20 * 6 . A vector according to anyone of the aforegoing claims 

comprising as a site for the insertion of at leas-cone gene of 
interest a poly cloning site. 

7. A vector according to anyone of the aforegoing claims 
additionally comprising a consensus Kozak sequence at a site 

25 where it enhances translation of the gene of interest. 

8. A vector according to anyone of the aforegoing claims 
additionally comprising a locus control region. 

9. A vector according to claim 8, wherein the locus control 
region is the CD2 LCR. 

30 10. A vector according to anyone of the aforegoing claims 
additionally comprising further regulatory elements such as 
boundary elements, tissue specific promoters or enhancers and 

« 

the like. 

11. A vector based on a vector according to anyone of the 
35 aforegoing claims wherein at least one gene of interest has 
been inserted in the site present therefor. 



SUBSTITUTE SHEET (RULE 26) 



PCT/NL96'00195 



WO 96/35798 

50 



, .„ n wherein a gene of 
12 a vector according to claim 11. 

interest is a selection marker gene • ^ ^ . oQ 

13 . a vector according to clam 1 - gene< ^ ^ or 

mar ker gene is the neomycme gene, 

hygromycine gene, . nvone of the claims 11-13 "herern 

. 14 . A vector according to anyone o ^ ^ feeing 

at least two genes of interest are in ^ 

„<- in a di^or multicistronic unit, 
present in a ai " linker having a lengrn 

separated by a short non- cod " g ^ 
0 is a nuafcer of bases dividable by thre- a 
0 15 . A vector according to anyone of claims 

suicide gene. comprising a Herpes Simplex 

16 . A vector according to claim sine deaminase 
vir us (HSV) thymidine kinase gene or cy 

15 „• to anyone of claims ll-U comprising a 

17 . a vector according to anyone ocerebrosiaas e gene, 
human multidrug resistance gene o 9 atlxw . 

or HIV sequences leading to ^ ltl ° according to anyone of 

18 . A kit of Parts ^ 11- «« — 
20 the aforegoing cells ana a P 

vectors . . wher ein the packaging cell 

19 . a kit according to claim > wher ^ ^ producing 
• line expresses the retroviral protein 

a virus-like particle. 

a vector according to 

25 20 a virus-like particle comprising 

anyone of the aforegoing claims- of 
al . A method of providing ce 1 *xth ^ & 
interest comprising contacting such 
particle according to claim 20. 
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FIG. 9 Physical map of retroviral construct IG-GC-1. 
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FIG. 10 Physical map of retroviral construct IG-GC-2. 
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FIG. 1 2 Physical map of retroviral construct IG-GC-3. 
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1 = GP + E86 (nontransf ected) 

2 = GP + E86 (transf ected) 

3 = 3T3 (infected with GP2b virus) 

4 = Psi-CRE (nontransfected) 

5 = Psi-CRE (transfected) 

6 = 3T3 (infected with Psi4C virus) 



FIG. 
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ecotropic virus (column 3 and 6). 
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FIG. 1 4B Western blot (80 119 total protein/lane) with human GC specific mono- 
clonal antibody 8E4. A, B, C: cell lysates prepared from GP + E86 cells after trans- 
fection with retroviral vector IG-GC-2. -/+ with or without protease inhibitors. GP: cell 
lysate prepared from non-infected GP + E86 cells. 
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F'lQ. 1 5 Western blot (80 Vg total protein/lane) with human GC specific mono- 
clonal antibody 8E4. B1/B2: cell lysate prepared from PA317 cells after repeated 
infection (1 , 4, 10 times) with ecotropic GP2b virus (duplicates). GP: cell lysate 
prepared from GP + E86 cells after transfection with retroviral construct IG-GC-2. 
PA: cell lysate prepared from non-infected PA3 17 cells. Cer: 16.5 mg (0.7 Units) 
Recombinant GC (Genzyme Corp.) as positive control. 
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